
Stem cells: looking back and ahead



Stem cells: laboratory to the patient

What do we need to know or think about?

1. The cells: obtaining the proper cells, and then learning 
how to utilize them in preclinical models

2. The host: learning how stem cells, or their derivatives, 
behave when introduced into tissues/organs

3. The disorders we wish to treat: what are the most 
promising conditions for treatment with stem cells or their 
derivatives?

4. Transitioning to the clinic: synthesizing the above, and 
navigating clinical regulatory environment, ethics, etc.



Some historical examples to consider

1. Bone Marrow Transplantation: a cellular, stem 
cell therapy now 50 yrs old. How did it proceed 
in the “early days”?

2. Assisted Reproduction: cellular manipulation 
that emerged on the public scene quickly

3. Gene Therapy: cellular and molecular therapy 
with “checkered” history. What might we learn?



In 1955, at the invitation of Dr. Joseph Ferrebee I went to the Mary Imogene Basset Hospital in 
Cooperstown, N. Y., an affiliate of Columbia University. Immediately, we began to work on marrow 
transplantation in human patients and in the dog, as an outbred animal suitable for clinical care 
comparable to human patients. Except for an occasional patient with an identical twin, we quickly learned 
that allogeneic marrow transplants in man were going to be very difficult. Joe Ferrebee and I and our 
young colleagues concentrated on working with our dogs on many aspects of marrow transplantation. The 
long cold winters, absence of commuting problems and opportunity for long discussions were conducive to 
our work. Those years had a deep and abiding influence on subsequent work since most of the basic 
concepts were laid out during that time.  

 
E. D. Thomas

Nobel Lecture 1991

BMT: the early days



BMT: rapid progress in the early days

Dogs 1971 Human leukemia patients 1979

Matched + MTX

Matched

Mismatched



Bone Marrow Transplantation

• A true stem cell success story

• Founded on strong science and trial-and-error

• Developed in animal models, yet transition to clinical 
experiments occurred quite early on

• Initial scientific advances largely out of the public eye

• Initial failures overcome by persistence of committed 
investigators

• At least 20 yr timeframe before clearly successful

• Now a mainstay of medicine



July 27, 1978

Two bits of medical news:

• Prenatal genetic diagnosis by DNA analysis

• Assisted reproduction announcement

An Interesting Date in Medicine





July 27, 1978







Assisted Reproduction

• Developed largely out of sight (and the US)

• Ethical outcry rapidly subsided as success of 
procedure became apparent 

• Little regulatory oversight developed and further 
advances occurred largely in the private sector

• Created market for gametes

• Has provided many women, and couples, the 
potential to have children that they might otherwise 
not have 



Business Week, November 
18, 1985

Gene Therapy



Gene Therapy

• Attempt to introduce expressible genes (DNA) into 
somatic cells in effort to correct or modulate function(s)

• Challenge in “engineering” as well as biology

• Initially envisioned to be most useful for inherited 
disorders, e.g. sickle cell anemia, immune deficiencies 
(largely of the blood system)

• Soon thereafter, proposed for other inherited 
disorders, e.g. cystic fibrosis, muscular dystrophy

• Largest initial clinical efforts early on turned out to be 
in infectious disease (AIDS) and cancer



1981



March 2, 1986





NIH review of 
gene therapy 

1995





Science, March, 2005

Complication of gene therapy for immune 
deficiency: acute T-cell leukemia



“Because clinical experience is still so limited, it is not possible to 
exclude longterm adverse effects of gene transfer therapy, such as 
might arise from mutations when viral sequences randomly integrate at 
critical sites in the genome of somatic cells. It must be noted that 
multiple integration events resulting from repeated administration of 
large doses of retroviruses theoretically pose a risk for leukemic
transformation. Only longitudinal clinical followup of treated patients 
can provide data on the long term safety of gene therapy protocols.”

REPORT AND RECOMMENDATIONS OF THE PANEL TO ASSESS THE NIH
INVESTMENT IN RESEARCH ON GENE THERAPY

Stuart H. Orkin, M.D.
Arno G. Motulsky, M.D.

Co-chairs

December 7, 1995



Gene Therapy: where are we now?

1. We know it “works” in the proper clinical setting with fastidious 
attention to detail

2. But, as with all therapies, we appreciate that there are serious, 
potential complications, some of which could have been anticipated

3. Some promising findings in other type of X-SCID and in host 
defense disorder (chronic granulomatous disease) and also in forms 
of hemophilia

4. Prediction: gene therapy will ultimately find a place in medicine, but 
applications for the foreseeable future are likely to be limited to rare 
disorders, rather than more common diseases

5. Prospects may change radically IF methods are developed to correct
genes in situ rather than merely add genes randomly, as done to 
date

6. Timeframe: to date, >25 yrs with checkered success



Comparisons of stem cell field to others

1. As with BMT, assisted reproduction, and gene therapy, 
potential for large, positive impact on human health 
exists

2. More than BMT or assisted reproduction, stem cell 
research is conducted under the “microscope” of the 
public

3. Regulatory oversight (ie guidelines) introduced earlier in 
evolution of the field

4. Intellectual property involvement also introduced earlier: 
will this inhibit applications?



Highest priority areas for stem cell field

1. Identifying and characterizing stem cells in different organ 
systems: Are there stem cells? How to isolate them and 
study their properties and capabilities? What is the niche of 
stem cells in different organs?

2. Delineating pathobiology of target diseases: What is the 
role of stem cells? What might stem cells (and/or their 
descendents) offer? 

3. Elucidating self-renewal in stem cells: harness cellular 
reprogramming and directed differentiation

4. Developing real-time, informative methods for examining 
fate, behavior and function of stem cells following 
introduction into animal models or patients: experiments 
must inform science, not just “yes or no”



Challenges going forward

1. Developing the infrastructure for proper characterization, 
maintenance, and expansion (or differentiation) of stem 
cells for clinical use (not only lab but also regulatory and 
intellectual property infrastructure)

2. Designing preclinical studies that provide maximum, 
relevant data for considering transition to the clinic

3. Designing clinical studies that provide real-time surrogate 
measures of in vivo effects

4. Balancing the prospects for success and the realities of 
potentially inadequate therapy or serious “side-effects” in 
treating life-threatening or debilitating disorders



Challenges going forward

1. Stem cell infrastructure: embryonic stem cell bank, 
training center(s), exploration of alternative means of 
embryonic stem cell generation, antibodies for 
prospective isolation of subsets of cells and adult stem 
cells, GMP lab(s) for cell expansion

2. Preclinical studies: appropriate animal models of 
diseases, imaging of introduced cells, “animal hospital”, 
toxicology

3. Clinical studies: fastidious design with real-time 
surrogate measures, “translational lab(s)” for assays of 
relevant biomarkers, careful but balanced oversight, 
registry, involvement of pharma expertise and support


